RHE calibration
The RHE calibration is performed under the practical condition according to the previous reports ( Figure S4) 3, 4 . The calibration was carried out in the high purity hydrogen and CO 2 saturated KHCO 3 electrolyte with a Pt wire as the working electrode. Cycle Voltammetry was run at a scan rate of 1 mV s -1 . The average of the two potentials at which the current crossed zero was taken to be the thermodynamic potential for the hydrogen electrode reactions. So in CO 2 saturated 0.5M KHCO 3 
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Computational section
All calculations were performed by using the Vienna Ab Initio Simulation Package (VASP) 5, 6 with the projector augmented wave (PAW) method. 6 We employed the 
